contents (KABASAKALIS; SIOPIDOU; MOSHATOU, 2000; REDDY; LOVE, 1999) .
Nutritional information is necessary to guide consumers who must know how to balance diets toward beverage intakes in order to get the maximum benefit from their vitamin C content (KABASAKALIS; SIOPIDOU; MOSHATOU, 2000; SOARES et al., 2004) . There are many studies to determine the ascorbic acid (AA) content in fruit juices but only a few focus on determining the amount of AA lost in different fruit juices during storage (KABASAKALIS; SIOPIDOU; MOSHATOU, 2000; LAVINAS et al., 2003) . No studies about AA stability in commercial cashew apple juice were found in the literature.
The purpose of this study was to evaluate Ascorbic Acid (AA), Total Soluble Solids (TSS), Total Titratable Acidity (TTA), and pH stability in commercial cashew juice samples, during storage under refrigeration (4 °C).
Materials and methods

Samples
Eleven samples of commercial cashew apple juices were collected in the city of Rio de Janeiro, RJ, Brazil before the expiration date expires. The products consisted of 3 brands of Ready-to-Drink Juice (RDJ) and 8 brands of Concentrated Juice (CJ) that were numbered 1-11. For each product, three lots were analyzed. All samples were kept at 4 °C for 48 hours, which corresponds to the expiration date after opening, according to the manufacturer recommendations.
Reagents
The chemical reagents used were L-ascorbic acid, 2.6 dichlorophenolindophenol, oxalic acid, and sodium hydroxide (Merck -Darmstadt, Germany).
Commercial cashew apple juices analyses
In order to evaluate the accuracy and precision of the titration method for the ascorbic acid determination (with 2.6 dichlorophenol-indophenol) in cashew apple juices, known amounts of AA were added to one sample of each group of commercial cashew apple juice (CJ and RDJ), selected randomly, and the recovery was tested using the titration method. The experiments were performed in two independent trials and the analyses were conducted in triplicate.
The AA content of commercial cashew apple juices was determined, in triplicate, by the titrimetric method with 2.6 dichlorophenol-indophenol at 0, 2, 4, 6, 24, 30, and 48 hours of storage at 4 °C in opened bottles. The content of Total Soluble Solids (TSS), expressed in °Brix, was obtained by a refractometer (Eppendorf 2763 Bad-Thermostat Modell, Hamburg, Germany), the pH by a pH meter supplied with a combined electrode (Micronal B474, São Paulo, Brazil) , and the Total Titratable Acidity (TTA) by titration with sodium hydroxide 0.1 N and expressed as g of citric acid/100 mL. All analyses were performed according to AOAC (1984) . The TSS and TTA contents and the pH were determined at 0 and 48 hours of storage.
Statistical analyses
Data were subjected to analysis of variance (ANOVA) and the linear regression of the data was carried out using the statistical software Microsoft ® Excel 97 (Microsoft Corporation, Redmond, USA). The Tukey test was used to obtain paired comparisons among sample means. The level of significance was set at p ≤ 0.05 (LOPES, 2001 ).
Results and discussion
The data of correlation between added AA and measured concentration in CJ and RDJ, determined by the titration method (Figure 1 ), showed satisfactory reproducibility and recovery. These results provided strong evidence that the titration method is accurate and reliable for the routine determination of AA in commercial cashew apple juices. Lavinas et al. (2003) found the same results in the analysis of in natura cashew apple juice.
The AA average initial content, reduction rate per hour, and percent loss of RDJ and CJ are shown in Table 1 . AA contents of the juice samples showed great variability and were statistically different, except for samples 9 and 10.
The initial content of AA ranged from 37.3 to 46.3 mg.100 mL According to some authors (AKINWALE, 2000; CAVALCANTI, 1998; INYANG; ABAH, 1997) cashew apple juice has higher AA content than orange juice. However, it is worth mentioning that the first one has to be diluted before drinking.
The AA content in the CJ group ranged from 75.7 to 152.0 mg.100 mL -1 with an average of 123.0 mg.100 mL -1
. Previous studies carried out by this same research group (LAVINAS et al., 2003) obtained AA initial content of 147.3 mg.100 mL -1 in fresh cashew apple juice. The AA content in CJ was up to 48.6%, which is lower than in fresh juice. It is important to consider that the available amount of AA in industrialized foods can be significantly affected due to processing. A probable AA addition to the product should also be considered. Some CJ presented higher reduction rate than RDJ. The highest percent losses were 6.4 and 8.9% for RDJ and CJ, respectively. These losses should be considered in diet planning. There are few data on cashew apple juice stability, but some authors reported the stability of vitamin C in industrialized and fresh juices of other fruits. Kabasakalis et al. (2000) , studying long-life commercial fruit juices in different concentrations (orange 100%, grapefruit 100%, lemon 17%, cocktail A 100% and cocktail B 50%), found higher AA losses in diluted lemon juice than in more concentrated juices. These authors related AA percent loss of 5.7 and 0.6% to commercial and fresh orange juices stored for 3 days under refrigeration, respectively. Silva et al. (2005) did not find variation in AA values of commercial orange juices under the same storage conditions. Lavinas et al. (2003) reported an average percent loss of 26% for several commercial lemon juices stored at 4 °C for 2 days.
After AA analysis in CJ, the AA content in the product diluted according to the manufacturer recommendation (1 part juice: 9 parts water) was calculated. Table 2 shows AA content in 100 mL of ready-to-drink and concentrated juice after dilution, the AA content described on the label, and necessary volume to achieve Dietary Reference Intakes (DRI, 2001) .
Only five samples (1, 3, 4, 7, and 11) had AA content displayed on the labels and there was a great difference among them. The content mentioned on the sample labels 1, 4, and 11 were, respectively, 25.3, 1078.8, and 471.4% higher than those obtained in the analyses of this study. The AA content described on labels of brands 3 and 7 were, respectively, 19.0 and 30.1% lower than the ones found in this study. Higher contents of AA were observed in the RDJ group, but considering the juice the single source of this vitamin, the necessary volume in order to supply the nutritional requirements is lower than that in CJ after dilution.
A portion of 200 mL of RDJ and diluted CJ contributes, on average, respectively, with 93.9% and 27.3% of DRI for men and 112.6% and 32.8% for women (Table 2) . Thus, the necessary volume to achieve DRI ranged from 194 to 1.190 mL for men and from 162 to 992 mL for women.
Our results were compared to some chemical composition tables (FRANCO, 1999; IBGE, 1981; PINHEIRO, 2002) . Only one of them (FRANCO, 1999) mentioned AA content in commercial bottled cashew apple juices (48.5 mg.100 mL -1 ), but it did not specify what kind of juice (RDJ or CJ), neither its dilution. In the others, the data found were only about commercial fruit juices and commercial fruit beverages that did not mention the kind of fruit (IBGE, 1981) , or commercial cashew apple beverages that did not mention dilution (PINHEIRO et al., 2002) , which makes it impossible to establish any comparison. Table 3 shows the physicochemical properties of the analyzed cashew apple juices. Attributes of juice quality as the AA content, TSS, and TTA are determinant factors to fulfill market requirements.
Acidity is an important parameter in food conservation. In general, the decomposition process, by hydrolysis, oxidation, or fermentation, modifies the hydrogen ion concentration, and consequently food acidity (INSTITUTO ADOLFO LUTZ, 1985) . RDJ initial acidity ranged from 0.2 to 0.4 g.100 mL -1 , with an average of 0.3 g.100 mL -1 while CJ acidity ranged from 0.4 to 1 g.100 mL -1 with an average of 0.7 g.100 mL -1
. According to Asenjo (1959) , juice acidity ranges proportionality to AA content. In the present study, samples 3 and 5 showed the highest AA values in the RDJ and CJ groups, respectively (Table 2) . They also presented the highest TTA values in each group (Table 3) . Oliveira et al. (1999) , studying cashew apple, acerola (Malpighia Table 2 . Initial content of Ascorbic Acid (AA) analyzed and described on the label and the necessary volume of commercial cashew apple juices to achieve DRI. 11.5 0.4 ± 0.00 3.1 11.0 0.4 ± 0.00 3.2 4 9.0 0.4 ± 0.02 4.1 9.0 0.4 ± 0.01 4.0 5 9.0 1.0 ± 0.05 3.7 9.0 0.9 ± 0.01 3.7 6 10.0 0.6 ± 0.03 3.8 10.0 0.6 ± 0.00 3.8 7 11.0 1.0 ± 0.02 3.4 11.5 1.0 ± 0.00 3.4 8 10.5 0.7 ± 0.02 3.2 10.5 0.7 ± 0.02 3.2 9 10.5 0.8 ± 0.03 3.6 10.5 0.8 ± 0.02 3.8 10 10.5 0.8 ± 0.00 3.5 10.0 0.8 ± 0.00 3.5 11 10.5 0.6 ± 0.02 3.8 10.0 0.6 ± 0.00 3.8
*The values are expressed as an average ± standard deviation (n = 9). emarginata), and cajá (yellow mombin) frozen pulps, reported the same relationship between AA contents and acidity. The pH values and TSS content of the samples remained constant during the analysis. Sample 4 presented the highest pH value and percent loss of AA. These results are in accordance with Belitz and Grosch (1997) , who reported the susceptibility of the AA with the pH increase. The data of TSS for CJ were lower than RDJ probably due to the sugar addition to the latter group.
The results obtained were compared to the Brazilian legislation (BRASIL, 2003) , which establishes quality and identity patterns to tropical juices. All physicochemical parameters analyzed were in accordance with the legislation.
Conclusions
There was a large variation in the AA content in the samples analyzed while the AA stability varied only in some of them. Concentrated juices, diluted according to manufacturer recommendation, showed lower contents of AA than readyto-drink juices. Nevertheless, the most consumed juice is the concentrated one due to its variety and low prices.
The TTA, TSS, and pH remained stable in both ready-todrink and concentrated commercial cashew apple juices which were stored for 48 hours under refrigeration.
These results point to the importance of considering AA losses in commercial cashew apple juices which occurs after opening but before the expiration date expires.
